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A B S T R A C T
The objective of this study was to develop a generic risk management system based on the Hazard Analysis and
Critical Control Point (HACCP) principles for the prevention of critical negative energy balance (NEB) in dairy
herds using an expert panel approach. In addition, we discuss the advantages and limitations of the system in
terms of implementation in the individual dairy herd. For the expert panel, we invited 30 researchers and
advisors with expertise in the field of dairy cow feeding and/or health management from eight European regions.
They were invited to a Delphi-based set-up that included three inter-correlated questionnaires in which they
were asked to suggest risk factors for critical NEB and to score these based on ‘effect’ and ‘probability’. Finally,
the experts were asked to suggest critical control points (CCPs) specified by alarm values, monitoring frequency
and corrective actions related to the most relevant risk factors in an operational farm setting. A total of 12
experts (40 %) completed all three questionnaires. Of these 12 experts, seven were researchers and five were
advisors and in total they represented seven out of the eight European regions addressed in the questionnaire
study. When asking for suggestions on risk factors and CCPs, these were formulated as ‘open questions’, and the
experts’ suggestions were numerous and overlapping. The suggestions were merged via a process of linguistic
editing in order to eliminate doublets. The editing process revealed that the experts provided a total of 34 CCPs
for the 11 risk factors they scored as most important. The consensus among experts was relatively high when
scoring the most important risk factors, while there were more diverse suggestions of CCPs with specification of
alarm values and corrective actions. We therefore concluded that the expert panel approach only partly suc-
ceeded in developing a generic HACCP for critical NEB in dairy cows. We recommend that the output of this
paper is used to inform key areas for implementation on the individual dairy farm by local farm teams including
farmers and their advisors, who together can conduct herd-specific risk factor profiling, organise the ongoing
monitoring of herd-specific CCPs, as well as implement corrective actions when CCP alarm values are exceeded.
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1. Introduction
The European dairy sector has changed dramatically in herd size
and production level over the past decades. Dairy producers are chal-
lenged by increasing demands for improving production efficiency.
Furthermore, there is increasing public concern over animal health and
welfare, along with environmental issues. Several of the diseases that
account for the majority of health and welfare problems in dairy cows
are related to the time around calving and early lactation, due to the
rapid change in energy demand for milk production. Therefore, dairy
cows in so-called critical negative energy balance (NEB) – an NEB of a
distinct though not established magnitude and duration – have an in-
creased risk of developing both clinical and subclinical diseases that
will have an impact on health and thus decrease animal welfare, pro-
duction and profitability (Ingvartsen and Moyes, 2013; Esposito et al.,
2014; Raboisson et al., 2015). Developing an on-farm risk management
system that will effectively prevent critical NEB will therefore be most
beneficial. Noordhuizen and Welpelo (1996) argued that the concept of
Hazard Analysis and Critical Control Point (HACCP), originally devel-
oped for food safety control, could be developed into on-farm systems
for preventing animal health problems in livestock production. HACCP
is a risk management system with a preventive approach focusing on
early risk identification and control. The HACCP system developed by
Codex Alimentarius (FOA, 2001) consists of seven principles (subse-
quently implemented through a 12-step procedure) including the
identification of 1: hazards, 2: risk factors, and 3: critical control points
(CCPs) related to the risk factors, as well as specifying 4: alarm values
and monitoring frequency and 5: corrective actions related to the CCPs.
The final two principles involve 6: verification and 7: documentation of
the system. For detailed information on HACCP in relation to livestock
production, see Cullor (1997) and Noordhuizen (2008). The HACCP
system has demonstrated its efficiency as a tool for identifying and
controlling human health hazards in the food production industry
(Ropkins and Beck, 2000). However, few have investigated the poten-
tial for HACCP systems to be used in livestock production to prevent
animal health problems and improve production and welfare. The
HACCP system has been used in dairy production for reducing lameness
in heifers (Bell et al., 2009) and for mastitis management in dairy cows
(Beekhuis-Gibbon et al., 2011b). Furthermore, the HACCP system has
been used in a study focusing on health and risk management of
paratuberculosis in dairy youngstock (McAloon et al., 2015). In relation
to livestock other than cattle, a HACCP-based system has been designed
for managing general herd health in organic pig production (Bonde and
Sørensen, 2004) and for improving animal health and welfare in or-
ganic egg production (Hegelund and Sørensen, 2007). Most of these
studies have taken a theoretical approach – only a small number have
verified the effect of a HACCP approach implemented on-farm.
A fundamental principle of implementing HACCP is customisation
at the individual production unit by advisory teams with an in-depth
knowledge of the local production system. However, the total economic
costs incurred due to the time requirements, experience and expertise
needed to develop and implement a fully-operational HACCP system
could constitute an insurmountable barrier, especially for small pro-
ducers (Taylor, 2001). It may be possible to overcome this challenge by
developing a generic HACCP system to act as a template for subsequent
adaptation to the individual herd. Such a generic HACCP should be
developed based on scientific evidence, but situations with an absence
of information or with multifactorial problems may require the use of
expert knowledge (Noordhuizen and Welpelo, 1996; Nordhuizen and
Frankena, 1999). Existing papers by e.g. Bonde and Sørensen (2004),
Hegelund and Sørensen (2007), Bell et al. (2009), Beekhuis-Gibbon
et al. (2011a,b) and McAloon et al. (2015) on developing HACCP-based
risk management programmes for on-farm animal health issues include
expert knowledge for the identification of risk factors and appropriate
CCPs.
The objective of this study was to develop a generic risk
management system based on the HACCP principles for prevention of
critical NEB in dairy herds using an expert panel approach, and to
discuss the advantages and limitations of the system in terms of im-
plementation in the individual dairy herd.
2. Materials and methods
The material for developing a generic risk management system
based on the HACCP principles was extracted from a series of three
interrelated questionnaires. These questionnaires aimed to quantify the
experts’ identification of risk factors and related CCPs specified by ap-
propriate alarm values, monitoring frequency and corrective actions
relevant to an operational HACCP system for preventing critical NEB in
the individual dairy herd.
2.1. Experts
The experts included in the expert panel questionnaire were re-
cruited based on the following criteria: advisors or researchers from
European research institutions – with a minimum of five years’ ex-
perience at a senior level in dairy cow nutrition and/or feed manage-
ment. In addition to these main inclusion criteria, we decided to include
no more than two experts from the same institution and, as far as
possible, to ensure anonymity among the selected experts. During the
recruitment process, we appointed eight key figures from eight different
regions within the EU. These key figures agreed to be responsible for
recruiting two researchers and two advisors within their region, po-
tentially generating a panel of 32 experts. The eight key figures re-
cruited 30 experts: 18 researchers (R) and 12 advisors (A). The experts
were from Denmark (4; 2 R and 2 A), England (4; 2 R and 2 A),
Northern Ireland (4; 2 R and 2 A), Ireland (4; 2 R and 2 A), The
Netherlands (4; 3 R and 1 A), Italy (2; 2 R), Belgium (4; 3 R and 1 A)
and Sweden (4; 2 R and 2 A).
2.2. Delphi-based questionnaire
The questionnaire approach chosen was a Delphi-inspired proce-
dure, which has been applied in several expert panel-based studies (e.g.
van der Fels-Klerx et al., 2000; Sørensen et al., 2002; Hegelund and
Sørensen, 2007). The Delphi procedure, which combines individual
questionnaires with shared feedback, aims for a consensus among a
‘diverse group of experts on practice-related problems’, as cited by
Powell (2003). The experts answered three questionnaires (Q1-Q3)
individually and anonymously. The summarised answers from each of
the previous questionnaire rounds were used as input for subsequent
questionnaires. The questionnaires addressed four tasks: 1) identifica-
tion of the most relevant risk factors for critical NEB, 2) identification of
the most relevant CCPs for each of the most relevant risk factors, 3)
suggestions for alarm values and monitoring frequency, as well as 4)
corrective actions for the respective CCPs. In questionnaire 1 (Q1),
experts listed the risk factors for critical NEB that they found important
and operational in an on-farm setting. As NEB has no uniform defini-
tion, the experts were informed that for the questionnaire study, quote:
‘Critical negative energy balance is defines as a state in which physical
parameters deviate from the normal and consequently have a sub-
stantial negative effect on animal health (clinical and subclinical),
welfare and production economy’.In questionnaire 2 (Q2), the experts
identified the most relevant risk factors from all of the risk factors listed
by the experts in Q1, by weighing their expected ‘effect’ and ‘prob-
ability’ on five‐point scales. ‘Effect’ was scored as: 1=not severe,
2=less severe, 3=moderately severe, 4=severe, or 5=very severe.
‘Probability’ was scored as: 1=not frequent, 2=less frequent,
3=moderately frequent, 4=frequent or 5=very frequent. In ques-
tionnaire 3 (Q3), experts were asked to suggest up to three CCPs spe-
cified by alarm values, monitoring frequency and corrective actions for
each of the ten most relevant risk factors identified in Q2.
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Although Delphi analyses are widely used, there are no standard
definitions for calculating the degree of consensus among expert con-
tributors (Powell, 2003). In both the present study and in Hegelund and
Sørensen (2007), the consensus of ‘effect’ and ‘probability’ risk factor
scores were measured by calculating the Inter Quartile Range (IQR)
with the thresholds for consensus: IQR≤0.5: strong consensus,
0.5 < IQR ≤1: moderate consensus, IQR>1: poor consensus. For
questions about risk factors and CCP suggestions that did not have
numerical answers, the level of consensus was assessed by diversity in
the answers.
The answers given by all of the experts to the open questions asked
in Q1 (risk factor suggestions) and Q3 (CCP suggestions) were sum-
marised by linguistic editing. The linguistic editing process included
combining synonymous terminologies and condensing the detailed/
explanatory wording of suggestions. The editing was done by two of the
authors working side by side. A list of all risk factor suggestions derived
from Q1 was given as feedback to the experts in Q2. For Q3, the
feedback included a list without additional explanation of the ten risk
factors with the highest total weight from Q2. The highest total weights
were defined by establishing a top-down hierarchy of the experts’
median weightings of first ‘effect’ then ‘probability’ scores.
All correspondence and data collection were carried out online via
e‐mail. The first questionnaire was sent in October 2016, the second in
November 2016 and the third in January 2017. All three questionnaires
were sent to all of the experts, regardless of whether or not they had the
answered previous questionnaires. For all three questionnaires, two e-
mail reminders were sent to experts who did not comply with the
deadlines.
3. Results
For Q1, 22 of a potential 30 experts (73 %) responded. The response
rate dropped to 63 % (19 expert answers) for Q2 and 50 % for Q3 (15
expert answers). In total, 12 experts (40 %) completed all three ques-
tionnaires. Of these 12, seven were researchers and five were advisors.
They represented seven out of the eight European regions represented
in the questionnaire study.
Questionnaire 1. Q1 resulted in more than 600 risk factor suggestions
that could potentially be useful for preventing critical NEB in a generic
risk management system based on the HACCP principles. The ranked
number of unedited risk factors for each of the 22 experts who
completed Q1 is shown in Fig. 1. Several of the risk factors suggested
by the experts were identical or highly similar. After linguistic editing,
the number of risk factors was reduced to 153.
Questionnaire 2. Nineteen experts completed Q2 by individually
assessing the ‘effect’ and ‘probability’ of the 153 risk factor
suggestions derived from Q1. High median ‘effect’ scores of 4 or 5
(severe or very severe) were given to 60 % of the risk factors, whereas
the scores of the remaining risk factors ranged from moderately severe
(33 %) to not or less severe (7 %). In terms of ‘probability’ scores, none
of the risk factors were given a median score of 5 (very frequent), and
only six risk factors (4 %) were given the median score 4 (frequent). The
majority of risk factors were given moderately frequent (61 %) to less or
not frequent (35 %) median ‘probability’ scores. The consensus for
‘effect’ scores was found to be moderate (0.5 < IQR ≤1) for 61 % of
the risk factors and high (IQR < 0.5) for 5 % of the risk factors. For the
‘probability’ scores, consensus was found to be moderate for 70 % of the
risk factors and high for 5 % of the risk factors. Table 1 shows the
highest-weighted risk factors in terms of the median scores of ‘effect’
and ‘probability’ given by the experts, and these scores are presented
together with the calculated IQR. It was decided that the ten most
relevant risk factor suggestions should be determined. However, 11 risk
factors were identified, since risk factors 10 and 11 were ranked
equally. The 11 risk factors include: ‘Insufficient feeding level’, ‘Poor
claw health’, ‘High rate of body condition loss’, ‘Fat liver syndrome’,
‘Poor professionalism of farmer and staff’, ‘Excessively restricted
feeding’, ‘Difficult access to feed bunk’, ‘Insufficient water
availability’, ‘Too much variation in feed quality’, ‘High genetic merit
for mobilisation’ and ‘Too high a milk yield’. For these 11 highest-rated
risk factors, the median ‘effect’ scores were all found to be high or very
high (4 or 5), whereas ‘probability’ scores ranged from median to high
(2.5–4). The consensus for ‘effect’ scores was found to be high
(IQR≤0.5) for two of the risk factors and moderate (0.5 < IQR ≤1)
for eight of the risk factors. For the ‘probability’ scores, consensus was
found to be moderate at best, and this was due to six of the 11 risk
factors.
Questionnaire 3. For the 11 most relevant risk factors derived from
Q2, 15 experts gave a total of 317 suggestions of associated CCPs.
Although the experts were asked to suggest three CCPs per risk factor
and to specify CCP suggestions by alarm value, monitoring frequency
and corrective action, the number of individual suggestions ranged
from one to 12 per risk factor, and from a total of six to 31 across all 15
experts. Furthermore, not all of the CCP suggestions were specified as
requested. CCPs without specified alarm values and corrective actions
were removed from the list. The CCPs with a high degree of similarity
were grouped together via a linguistic editing process similar to the one
used for Q1. The final list of CCPs was thus reduced to a total of 32.
Table 2 shows the list of CCPs associated with the risk factor(s) and
includes the number of expert suggestions per combination of risk
factor and CCP. On average, each of the 11 risk factors was associated
Fig. 1. Ordered number of suggestions per expert for identification of risk
factors relevant to critical negative energy balance (NEB) in dairy.
Table 1
Experts’ relevance scoring, i.e. the effect and probability scores for the 11
highest-rated risk factors for an operational risk management system aimed at
preventing critical negative energy balance (NEB) in dairy herds.
Risk factor Effect score Probability score
N Median IQR Median IQR
Insufficient feeding level 18 5 0 4 1.8
Poor claw health 18 5 1 3 1.8
High rate of BCS loss 17 5 1 3 1
Fat liver syndrome 19 5 0.5 3 1
Professionalism of farmer & staff 18 5 1 3 1
Restricted feeding 16 5 1 2.5 1.3
Difficult access to feed bunk 18 4.5 1 3 2
Insufficient water availability 18 4.5 1 3 1
Varying feed quality 17 4 1 4 1
High genetic merit for mobilisation 19 4 1.5 4 1.5
High milk yield 19 4 1 4 1
N=number of expert scores, median=median of experts’ scores,
IQR= interquartile range.
Effect scores: 1=not severe, 2=less severe, 3=moderately severe, 4=severe or
5=very severe. ‘Probability’ scores: 1=not frequent, 2=less frequent,
3=moderately frequent, 4=frequent or 5=very frequent.
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with five CCPs, varying from one to 13 CCPs per risk factor.
‘Professionalism of farmer and staff’ was weighted as one of the most
relevant risk factors, but Q3 revealed that only one CCP was suggested
for this risk factor, and that this suggestion was proposed by only one
expert. The experts identified only two CCPs for each of the risk factors:
‘Highly varying feed quality’, ‘Restricted feeding’ and ‘High genetic
merit for mobilisation’. In contrast, the experts suggested 13 CCPs for
the risk factor ‘High rate of BCS loss’ and 12 CCPs for ‘Fat liver
syndrome’. Most CCPs (72 %) were relevant to only one risk factor, six
CCPs (19 %) were relevant to two or three risk factors, and three CCPs
(9 %) were relevant to four or five risk factors. Most CCP suggestions
(75 %) were proposed by only one – though not the same – expert. The
highest number of experts suggesting the same CCP for a specific risk
factor was seven out of the 15 who completed Q3. This was the case for
two CCPs suggested for two different risk factors. No complete or
uniform list of CCP suggestions was found across experts for any of the
risk factors. Based on these findings, we therefore concluded that there
was a high level of diversity in the experts’ suggestions of CCPs
specified by alarm values, monitoring frequency and corrective
actions. Two examples of the experts’ suggestions for CCPs specified
by alarm values, monitoring frequency and corrective actions together
with their risk factor reference are illustrated in Table 3.
4. Discussion
The results of the present study demonstrate that the expert panel
approach only partly succeeded in generating a generic HACCP-based
risk management system for critical NEB that could be implemented
without modification in the individual dairy herd. In general, there was
consensus among the expert panel in identifying the most important
risk factors. For the 11 highest-rated risk factors, the IQR showed an
overall moderate-to-high consensus regarding the experts ‘effect’ scores
(scorings of severity), and a low-to-moderate consensus for their
‘probability’ scores (scorings of frequency). The median ‘effect’ scores
were all found to be high or very high, and the median ‘probability’
scores varied from moderate to high. The differences in frequency may
be expected given the diversity of regions represented among experts.
Furthermore, the results showed a high level of diversity in the experts’
suggestions for operationalising risk factors by identifying CCPs with
specific alarm values, monitoring frequency and corrective actions. A
study on improving health and welfare in organic egg production
(Hegelund and Sørensen, 2007) showed similar results, with high initial
consensus for the risk factors and subsequent diversity for CCPs and
alarm values.
The number of risk factors suggested by the experts to be most re-
levant in this study is high compared to e.g. Beekhuis-Gibbon et al.
(2011a), who only identified four major risk factors for contagious
mastitis. This suggests that the basic mechanisms that lead to critical
NEB are not related to only one or two risk factors, but to a combination
of several. The high number of risk factor suggestions could indicate
that the mechanisms that lead to critical NEB may be too diverse and
complex for an expert panel to simplify in a generic risk management
system. Due to the complexity, experts may be diverse or uncertain
about the causal pathways among factors involving severe NEB and
consequently some of the suggested risk factors may also include as-
sociated conditions as e.g. ‘High rate in body condition loss’ and ‘Fat
liver syndrome’. The drop in response rate (from 73 % for Q1 to 40 %
for Q3) is not unusual for studies including series of questionnaires
(Mullen, 2003; Hegelund and Sørensen, 2007). An explanation for the
drop in response rate in our study could be that it became increasingly
difficult to provide good answers for alarm values/corrective actions for
specific CPPs, compared to suggesting and agreeing on the most im-
portant risk factors. Even though experts are expected to have an
overall awareness of critical NEB as a hazard, they may not have an in-
depth knowledge of all of the management aspects due to theirTa
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complexity. An alternative – or supplemental – hypothesis is that as
‘acceptable thresholds’ are often arbitrary, experts may have opted not
to express an opinion on an aspect that is not directly informed from a
scientific study. Furthermore, it is possible that the respondents found
some of the synthesized risk factors to be vaguely defined or difficult to
interpret, and this might have influenced their subsequent responses.
The agreement among experts in terms of identifying operational
CCPs varied across risk factors from relatively high to failure to achieve
consensus, which may be illustrated by two examples: the CCP sug-
gestions for Body Condition Scoring (BCS) and the risk factor’
Professionalism of farmer and staff’. From the list of risk factors and
related CCPs generated from the expert panel, it is striking that ap-
proximately one third of all the CCP suggestions concern Body
Condition Scoring (BCS) and that the CCPs involving BCS relate to the
majority (7/11) of the risk factors. According to e.g. Roche et al.
(2009), there seems to be widespread agreement that BCS, and in
particular calving BCS and early lactation BCS, are associated with the
incidence of several metabolic disorders associated with critical NEB.
These findings support that BCS loss mirrors critical NEB and should
therefore have a pivotal role in a risk management system of critical
NEB in dairy herds. ‘Professionalism of farmer and staff’ is one of the
highest-rated risk factors. However, only one related CCP was suggested
– and by only one expert. Fraser (2014) stress that the importance of the
‘management factor’ is not only an academic worry, but is also ex-
pressed by some farmers. One of the studies that may support these
findings is by Spooner et al. (2012), in which it was found that when
discussing animal welfare, Canadian beef producers expressed concern
over poor animal care by amateur producers who lacked the necessary
skills and commitment, and the use of unskilled staff to conduct op-
erations such as castration. However, because only one expert sug-
gested a single CCP for this risk factor, we concluded that although the
HACCP approach has been demonstrated as suitable for procedure
correction, it may not be equally adaptable for risk factors relating to
skills and knowledge. Action plans focusing on upgrading farmer and
staff skills as well as focusing on staff motivation and involvement may
be more suitable when dealing with risk factors of poor professionalism.
A fundamental principle of HACCP is that the risk management
system is intended for the individual production unit; in the context of
livestock production, this relates to the individual farm. Development
of a generic HACCP system that could act as a template requiring only
minor subsequent adaptation to the individual herd may overcome the
economic challenges involved in implementing a HACCP system from
scratch. However, as our expert panel approach only partly succeeded
in developing a generic HACCP for critical NEB in dairy cows – maybe
due to its complexity – we suggest, as also supported by e.g. Sørensen
et al. (2002), that the on-farm implementation will require support
from field experts. As also suggested by Hegelund and Sørensen (2007),
we therefore advise that adapting the developed HACCP-based risk
management system to the individual farm should be a task for local
farm-specific teams consisting of the individual farmers and their ad-
visors. These teams should establish the practical application of
prioritising the most relevant risk factors, set up a monitoring system of
relevant CCPs with appropriate alarm values and decide relevant on-
farm corrective actions. However, few papers have taken a predefined
top-down approach when developing risk management systems based
on the HACCP principles. One example is McAloon et al. (2015), who
focused on paratuberculosis control in dairy herds, which they claimed
should be implemented as an ‘one model fits all’ management system
relevant to all high-prevalence farms. However, Boersema et al. (2008)
focused on developing a risk management system for improving calf
health based on HACCP principles, and emphasised that since on-farm
risk management processes vary widely across farms and since there is
biological variation among live animals, it is more appropriate to
consider farm-specific targets than to follow general routine herd-
health programmes. This statement is also supported by Bell et al.
(2009), who developed and tested a HACCP-based programme for la-
meness control in dairy heifers. They argued that the relative im-
portance of risk factors also varies widely across farms, which may,
‘...preclude the effective implementation of a ‘one size fits all’ lameness
control programme’. Besides these tangible arguments for a ‘bottom-up’
farm-specific approach over a top-down predefined approach, there
also seems to be a ‘human factor’ or ‘degree of farmer compliance’ that
is essential for a control programme’s success, as argued by e.g.
Beekhuis-Gibbon et al. (2011a, 2011b), who advocate the former ap-
proach. Based on the above, it may be appropriate to call the approach
of the present paper a ‘partly top-down, partly bottom-up’ approach.
This is suggested as farmers in local advisory teams should consider the
lists of the most important risk factors and associated CCPs generated
by the experts when carrying out risk profiling and prioritising CCPs as
areas of concern for the prevention of critical NEB. Process flow dia-
grams, comprising all steps in the production process, could be useful
for this part of the implementation process (Nordhuizen and Frankena,
1999). Furthermore, the part of the risk management system that in-
cludes specification of alarm values, on-going monitoring of CCPs and
implementation of corrective actions when CCP alarm values are ex-
ceeded calls for relevant local factors to be taken into account – tasks
likewise best addressed by local farm teams.
5. Conclusion
The objectives of this study were to develop a generic HACCP-based
risk management system intended to prevent critical NEB in individual
dairy herds by using an expert approach, as well as to discuss ad-
vantages and limitations of the system in terms of implementation in
the individual dairy herd. The eleven most relevant risk factors were
identified based on the experts’ scores for their ‘effect’ and ‘probability’.
However, the consensus was generally low with regard to the sugges-
tions of risk-factor CCPs specified by alarm values, monitoring fre-
quency and corrective actions. In conclusion, implementation of the
developed HACCP-based risk management system intended to prevent
critical NEB in the individual dairy herd would require considerable
effort in terms of prioritising the most relevant risk factors and setting
Table 3
Examples of experts’ suggestions for critical values, monitoring frequency and corrective actions for critical control points (CCPs) of an operational risk management
system aimed at preventing critical negative energy balance (NEB) in dairy herds.
CCP: Cow / feed space ratio
Risk factor reference Insufficient feeding level / Difficult access to feed bunk / Restricted feeding / High rate of body condition loss / Fat liver syndrome
Critical value ‘Min. 0.8m of feed bunk space per cow’ / ‘Max. 1.1 cow per feed bunk space’
Monitoring frequency ‘Ongoing e.g. when moving cows to and from other pens’ / ‘Include in prognosis and plan for the stocking rate over the next 3 months’
Corrective actions ‘Reduce the number of cows in a pen, increase trough space or provide individual feeding’ / ‘Ensure sufficient buffer capacity’
CCP: BCS at dry off
Risk factor reference Insufficient feeding level / High rate of body condition loss / Fat liver syndrome
Critical value ‘Max. BCS of 3.5 at dry off’ / ‘Max. BCS loss of 0.5 during the transition period’
Monitoring frequency At dry off / Note at 14 DIM
Corrective actions ‘Restricted feeding during dry period’ / ‘Feed nutritional aids (PPG, glycerol)’
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up a monitoring and correction system for relevant CCPs. We suggest
that the general output of this paper is used to inform key areas to be
specified and implemented on the individual dairy farm by local farm
teams taking local factors into consideration.
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